Background: Few stroke patients have reported improvements after Ayurvedic massage. Unfortunately, there is a dearth of indexed literature to support the use of this in rehabilitation. Objectives: To objectively measure the differences between patients with stroke who received Ayurvedic massage in addition to standard Physiotherapy (PT) versus those who received only standard PT. Materials and methods: The study was a prospective case control study, retrospectively analysed. The setting was a tertiary level hospital with neuro-rehabilitation unit. Fifty-two patients undergoing acute inpatient rehabilitation were prospectively followed post stroke. They were self-selected one month from the event for Ayurvedic massage with regular PT or PT alone. Twenty five received Ayurvedic massage with PT and twenty seven received only PT. All participants completed treatment. Information related to age, gender, National Institute of Health Stroke Scale result, number of co-morbidities, and whether cases were deemed simple or complex were taken at baseline. All patients received 6 hours of physical therapy averaged over a week. Massage was delivered daily for a total of 10 sessions followed by steam application. Results: Patients were categorized as simple or complicated stroke based on events prior to rehabilitation. Both simple and complicated patients who received Ayurvedic massage had lower MAS and need for antispastic drugs, achieved standing with minimal assistance sooner, and had better locomotion at discharge. All these differences were significant. Conclusion: Utilizing Ayurvedic massage in post stroke patients with flaccidity can promote faster standing with minimal assistance and lead to less need for antispastic drugs at discharge.
Introduction
After acute stroke, rehabilitation measures form the mainstay of ongoing care. In the early stages of the Upper Motor Neuron (UMN) syndrome flaccidity predominates. As a result, patients are dependant for transfers and locomotion. Families of patients with hemiparesis felt that when their member is medically stable and able to stand with minimal assistance caring in a home setting with a visiting therapist is a feasible option [1] . One of the limitations to rehabilitation services is the delay in improvement when limbs are flaccid. While there are physiotherapy (PT) options to treat UMN related hypotonia, its benefits are appreciated once selective voluntary motor control and spasticity emerge. In our prior observations it was found that some patients who were flaccid and received early Ayurvedic massage regained tone sooner than those who did not. This observational study was done to quantify and compare that change to our standard treatment regimen.
Post stroke 30% of patients develop the UMN syndrome [2] . While spasticity onset can be anytime in the post-stroke period [3] it begins within six weeks of stroke onset in about 25% of patients [4] . Strong predictors for developing spasticity are a high degree of paresis and hypoesthesia at stroke onset [5, 6] . Other risk factors leading to spasticity are; more severe paresis at 16 weeks compared to first week, Modified Ashworth Scale (MAS) 2 in at least one joint within 6 weeks after stroke, more than two joints affected by increased muscle tone, hemispasticity within 6 weeks after stroke and lower Barthel Index [4] .
The quantity of regained selective voluntary motor control on the other hand is related to lesion location, severity, and rehabilitation.
The basic pathophysiology is irregular neuronal reorganization after a brain lesion [7, 8] . The result of this may be increased activity in the muscles and exaggerated reflex responses to peripheral stimulation. This occurs due to disinhibition of the normal reflexes, release of primitive reflexes and active tonic stretch reflex [9, 10] . Stimulation of fast twitch motor neurons along with increased transmission between interneurons (due to diminished frontal inhibition) can promote spasticity [11] . Indeed early walking post stroke is facilitated by spasticity. Therefore modalities that enable this can possibly reduce length of stay.
Few articles in Pubmed detail 'massage stroke' patients [12e14]. 59.3% of patients in India having stroke will see an Ayurvedic physician at some point in their care [15] . Publications about Ayurvedic massage (Abhyanga) in hemiplegia (Pakshaghata) were found by searching for 'Paskshagata' pdf' in a web search engine. All the articles addressed the Vata imbalance causing the stroke, and ranged from case reports to case series [17e21]. They were conducted in Ayurvedic centres, and did not include standard allopathic management. Patients enrolled were taken anywhere from 4 days to 2 years from onset. As none of the patients taken in the first 30 days required critical care it can be assumed the strokes were mild to moderate in severity. While all used clinical features, only two utilized radiology to localize the stroke and none used National Institute Stroke Scale (NIHSS). One combined Abhyanga with ingested Ayurvedic medication [18] . Of all these one compared to a placebo [19] , and another to the standard of care. None used PT as a comparison or as part of the treatment.
In Pakshaghatha, Abhyanga (oil massage) removes the Srothorodha (clogging of channels) by virtue of its quality of Vatahahara swabhava (pacifying quality), and the Prabhava (imperceptible quality) of the medicaments used for the Abhyanga. Swedana karma (steam bath) corrects the vathavaigunya (vitiated Vata) and brings about srothosudhi (opens up the channels), re-establishing Doshasamyatha (balanced state of Doshas). The Virechana karma (Purgation) and Vasthi karma (medicated enema) which follows the Abhyanga completes the sodhana (flushing out) whence the medications given orally removes all the factors that led to Dhoshavaigunya (Imbalance of Doshas) which originally caused the Srothorodha (blocking or clogging of channels) manifesting the disease [16] . As the oils have multiple components, a separate Pubmed search was carried out to find the publications specifically relating individual reagents in our oils and stroke outcomes (see Table 1 ).
The problem with utilizing Ayurveda as a treatment modality in studies of patient care is that internal variability exists within the field. This arises due to presence of variable components in Ayurvedic preparations using the same source variable preparation techniques leading to properties of these components changing, dosing and application differences. We have used only one Vaidyan and his treatment regimen to have a control on other variabilities.
Methods
Patients admitted to the Neuro-rehabilitation service between the years 2014e2017 were followed. All patients were admitted for their first stroke which was diagnosed both clinically and localized with Magnetic Resonance Imaging (MRI) or Computerized Tomography (CT). All had ischemic strokes resulting in hemiplegia. Massage as an adjuvant was offered if the patient was one month from stroke onset, first stroke, Brunnstrom stage 1, had MAS 0 and was interested in receiving it. The Ayurvedic Physician determined the patient's Prakriti based on doshaja lakshana (dosha indicators) from Asthanga Hridaya [16] . Patients who didn't have the following contraindications (active infection, malnutrition, dehydration, constipation/diarrhea) were taken up for massage, and formed the cases group. Patients who did not get massage (controls) were otherwise similar except they expressed lack of interest. No one was excluded for having Abhyanga contraindications. NIHSS was taken at baseline.
All outcome measures were taken at admission to rehabilitation and at discharge, except weeks to standing with minimal assistance. Weeks to standing with minimal assistance was taken from stroke onset. In case this was not achieved the value was set as the combined length of stay (under Neurology and PMR). Patients were further categorized as complicated if they: underwent decompressive hemicraniectomy, had coronary events related to Cerebrovascular Accident (CVA), on tracheostomy, had multidrug resistant (MDR) nosocomial infections, and/or Congestive Heart Failure (CHF) with Ejection Fraction <30%. Primary outcome measures were Brunnstrom leg progression, MAS at knee flexors and ankle plantar flexors, Weeks from stroke onset to standing with minimal assistance, Functional Independence Measure (FIM) for walking, and antispastics at discharge. Baclofen was added when: MAS was 3, patient had painful flexor spasms, or if there was ankle clonus impairing standing balance. The Brunnstrom leg progression was chosen as post-stroke both spasticity and selective voluntary motor control emerge together and this scale helps differentiate the two.
Standard Therapy regimen-All patients received at least 6 h of therapy averaged in a week. This consisted of Passive and Active Range of Movement (RoM), tilt tabling, gait training in parallel bars, and a variety of therapist guided, self/bystander assisted exercises to promote motor recovery (see Fig. 1 ).
Abhyanga (Ayurvedic massage)-The patient was first assessed by the Ayurvedic Physician to determine their predominant constitution (prakriti). Based on this mild (balya) medicated oil was warmed and rubbed with gentle pressure from the neck down by two massage therapists simultaneously, from the upper limbs to trunk, then lower limbs for 30 min while on a wooden table. Following this the patient was exposed to steam for 15 min either via a chamber or hose. In Vata predominant Prakriti Dhanwantharam oil was used, in Pitha Pindathailam oil, and in Kapha Karpasasthyadi oil. The treatment consisted of 5 or 10 sessions. Treatment number was determined by progression in therapy. Those who achieved standing sooner stopped massage at 5 sessions, whereas those who did not received 10 sessions. (see Fig. 1 ).
Student's t-test was used to calculate the differences between groups.
Results
Twenty five patients received Ayurvedic massage one month from stroke onset. Twenty seven patients chose not to get massage. Three other patients (not included in the analysis) received the massage and PT anywhere from 4 to 48 months post-stroke. Their outcomes are mentioned in the discussion. Of the cases the mean NIHSS was 13.44. Eighteen were simple strokes and seven were deemed complicated. Radiologically twentyfour had a lesion in the MCA distribution, and one had unilateral pontine involvement. Of the common co-morbidities twenty-two had Hypertension (HTN), and sixteen had Diabetes Mellitus type 2 (DM II). Of the uncommon co-morbidities: one had Rheumatic heart disease, two had Parkinsons's disease, one had Chronic Obstructive Pulmonary Disease, one had Chronic Kidney Disease, one had Normal Pressure Hydrocephalus, and one had Atrial fibrillation. All patients were deemed to have a vata dosha imbalance.
In the control group the mean NIHSS was 13.22. Sixteen were simple strokes and eleven were deemed complicated. Radiologically twenty-three had a lesion in the MCA distribution, and three had unilateral pontine involvement Of the common co-morbidities eighteen had HTN, and fourteen had DM II. Of the uncommon comorbidities: two had Rheumatic heart disease, one had Chronic Kidney Disease, one had Systemic Lupus Erythematosus, two had Hepatitis C Viral infections in remission, one had Atrial fibrillation, and one had Dilated Cardiomyopathy.
There was a significant difference between the two groups for mean age favouring the control group. Otherwise the groups were similar at baseline (see Table 2 for details).
In the case group individuals were of the following predominant dosha: Vatha 10, Pitha 8 and Kapha 7. No side effects of massage were noted. Two patients received 5 sessions and the remainder twenty-three received 10. Four patients had a seven day gap in massage due concomitant to nosocomial UTI, but the remainder had no break in care.
With respect to primary outcome measures, in the case group there was net change in Brunnstrom-leg which was not significant (p ¼ 0.47) versus the control. The change in MAS was significant (p value < 0.001) favouring the massage group over control group. The case group also took less time to stand with minimal assistance (p value ¼ 0.001). At discharge FIM score for walking was better in the massage group versus than the control group (p value ¼ 0.007) (see Table 2 ). No measures of secondary outcome was observed.
Regardless of improvements three patients from the case group and, six patients from the control group only achieved standing with moderate assistance or less at discharge. To correct for their weeks to stand with minimal assistance the value was set as their entire length of stay from admission to discharge home. Three case group patients did not achieve standing with minimal assistance, nor did five from the control group. Two of the patients in the case group were on Baclofen at discharge versus nine in the control group. Two of the case group received 5 sessions whereas the others all got 10 sessions.
Discussion
Based on the findings, it can be stated that the followed treatment modality promoted faster gains possibly by either modulating interneuron activity promoting spasticity or improving selective voluntary motor control. As spasticity is caused by unregulated alpha moto-neuron overactivity, its variable presentations are related to interneuron activity. It was believed that the Abhyanga modulated this activity yielding better outcomes. Considering the low numbers of the uncommon comorbidities and the similar distribution between both groups along with the relatively similar baseline NIHSS scores it is unlikely they had a significant confounding effect. Regardless the same patients in each group with these uncommon comorbidities were also the same patients that often did not progress to walking with minimal assistance (more so in controls than cases). While their medication side effects could interfere with outcomes, as the number of such patients was similar along with outcomes overall, it is unlikely this was relevant here. Though there was no significant difference in Brunnstrom staging Standard Therapy regimen: Warm-up PRoM, followed by motor reeducation exercises and ARoM when possible, then supine to sit transfers and tilt-tabling until the patient can be pulled to stand with assistance. Once standing at bedside with support they are progressed to parallel bar standing and gait training. Each daily session was 60 minutes, for 6 days a week. the patients receiving Abhyanga had lower Ashworth scores and less need for antispastic drugs. The irregularity with Brunnstrom may be due to low sample size. They also stood sooner and were walking with less support than the control group at discharge. It can be inferred that there was possibly more recovery of selective voluntary motor control rather than spasticity. It can also be proposed that the spasticity was relatively better controlled (less need for medication) in the case group as there was faster standing and better walking noted. It cannot be definitively stated these were due to design limitations. Despite the gains, a peripheral treatment cannot explain signs of central recovery. A potential reason for this seeming better response may be that early recovery of some crude voluntary motor function may dissuade the emergence of spasticity overall thereby allowing other areas of the brain to facilitate task relearning. From an Ayurvedic standpoint, the oil components were absorbed through the body and effect their therapeutic action. There were no major differences between patients in the massage group outcomes when taking into account their predominant prakriti. It was believed that the oils restored internal homeostasis, hence promoting recovery. As overall outcome difference between the three predominant Prakriti in the case group was minimum, it was taken as negligible. NIHSS did correlate to severity as those with worse scores had these uncommon co-morbidities and often did not achieve walking. Some interesting contradictions to the mentioned result with respect to infratentorial stroke (brainstem) was observed. In total there were four such patients. One was a case and the others were control. The individual who received Abhyanga had outcome measures similar to that of the control group.
Another unique observation concerned three patients (not included in this study) who were more than 12 months post event and had spasticity. After botulinum toxin injection they self referred themselves for the same treatment within 4e8 weeks and the following was noted. All had a baseline MAS of 1 that became 3 after the massage. This is in supportive of our hypothesis that interneuron overactivity in spastic patients being contributed by Abhyanga.
The following are the limitations to this case series: sampling bias, lack of blinding, inability to generalize outcomes. As the focus was on function and not risk factors, biochemical markers were not used. (all patients had routine lab work, but values at discharge were not repeated). No correlation of structural (CT/MRI) lesions to function was studied. While most treatment regimens addressed on aggravated Vata dosha, as thre present study regimen was a preparatory cleansing, it addressed on Prakriti rather than Samprapti ghataka (components of pathology) which is needed for the complete Ayurvedic treatment. As the protocol used to determine Prakriti, we used Ashtanga Hridaya proforma. The study was not designed to look into the specific differences per Prakriti dosa or doshaja substratification. All the patients were screened, examined, sorted and followed by the same Ayurvedic physician. Outcome measures were done by the same Allopathic Physician (see Table 3 ). This is the first publication to prospectively follow patients immediately post stroke receiving Ayurvedic massage compared to a standard allopathic control.
Conclusion
Ayurvedic massage was well tolerated in self-selected patients who were one month post stroke. These self-selected patients improved faster in standing and had better locomotion at discharge.
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